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1. $V$ , $L_{0},$ $L_{1},$ $\ldots,$ $L_{t}$ . , $V=L0\cup L_{1}\cup\cdots\cup L_{t}$ , $i\neq j$
, $L_{i}\cap L_{j}=\emptyset$ .
2. $|L_{0}|=1$ .
3. $(u, v)\in E$ , $u\in L_{i-1}$ $v\in L_{i}$ $i$ . , $E$ ,
$E_{i}\subseteq L_{i-i}\cross L_{i}$ $E_{1},$ $E_{2},$ $\cdots,$
$E_{t}$ .
, $L_{1}$ , $L_{2}$ , $E_{2}$ ,
$L_{0}$ $r$ $L_{1}$ , , $r$
( , $E_{2}$ $0$ ) . $t=2$
, $r$ . ,
$V=L_{0}\cup L_{1}\cup\cdots\cup L_{t}$ , $G$ $t$ , $G$ $t$ $DTC$ .
$G$ , $r$ , $r$ ,
.
$u$ $\delta(u),$ $u$ $\delta^{+}(u)$ , $X\subseteq V$
$\delta(X)=\bigcup_{u\in X}\delta(u)$ . $G$ , $V(G)$ , $E(G)$
.
2
(PSC) , $(U, S)$ $k(0\leq k\leq$
$|U|)$ , $k$ .
, $G=(V, E)$ $t$ DTC . $u\in V$ , $G$ $u$
$G(u)$ . $G(u)$ $u$
, $u\in L_{i}$ , $(t-i)$ . $G$ $t$ DTC ,
:
2.1. (RPDTC): , $G=(V, E)$ ,
$c$ : $Earrow \mathbb{Q}+’ u\in V$ , $k$ . $u\in L_{i}$ , $G(u)=(V(u)=\{u\}\cup$
$\bigcup_{j=i+1}^{t}L_{j}’,$ $E(u)= \bigcup_{j}^{t_{=i+1}}E_{j}’)$ , $u$ , $k$
, .
, $u\in L_{0},$ $k=|E|$ , RPDTC $G$ $t$ DTC . ,
$u$ u-tree , $(u, v)$ v-tree $(u, v)-$tree
.
, RPDTC PSC . RPDTC $(G, c, u, k)$ , PSC
$(U, S, k)$ .. : $uarrow$ tree , $u$ , , $U=$
$\delta(V(u))$ .. : $S=$ { $\delta(V(T))|T$ $E_{i+1}’$ 1 u-tree} $=\{\delta(u)\}\cup\{\delta(u)\cup\delta(V(T))|$
$T$ $L_{i+1}’$ }.
$\bullet$ : $\delta(V(T))\in S$ ( $T$ $E_{i+1}’$ 1 u-tree $\rangle$ ,
$\sum_{e\in E(T)}c(e)$ .
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2.2. RPDTC $PSC$ , .
. $T$ RPDTC . $T$ , $E_{i}’$ 1 ,
u-tree $T_{1},$ $T_{2},$ $\cdots,$ $T_{j}$ , $\mathcal{T}=\{\delta(V(T_{1})), \delta(V(T_{2})), \cdots, \delta(V(T_{j}))\}$
1 $\delta(V(T_{i}))=\delta(V(T))$ $T$ , $\mathcal{T}$ PSC
, $\sum_{i=1}^{j}c(T_{i})=c(T)$ . , RPDTC ,
PSC , , PSC RPDTC .
, PSC $\mathcal{T}=\{\delta(V(T_{1})), \delta(V(T_{2})), \cdots, \delta(V(T_{j}))\}$ ( $T$ $E_{i+1}’$ 1
u-tree) , $T_{1},$ $T_{2},$ $\cdots$ , $\tau_{j}$ ,
, $\mathcal{T}$ , $\mathcal{T}$ , RPDTC
. , RPDTC ,
PSC .
3 Approximately Greedy
, RPDTC , RPDTC $(G, c, u, k)$ PSC
$(U, S, k)$ , PSC . PSC , SC ,
$O(\log n)$ [8, 11],
. , PSC , RPDTC
, greedy
. , greedy RPDTC .
, .
$N$ , $f$ : $2^{N}arrow \mathbb{R}_{+}$ , .
, $S,$ $T\subseteq N$ , $f(S)+f(T)\geq f(S\cap T)+f(S\cup T)$ , $S\subseteq T\subseteq N$
$f(S)\leq f(T)$ .
3.1. (Submodular Set Cover} : , $N$ ,
$j\in N$ $Cj$ , $f$ : $2^{N}arrow \mathbb{Z}_{+}$ ( ,
) , $f(S)=f(N)$ $S\subseteq N$ , ,
$(SSC)$
$\min_{S\subseteq N}\{\sum_{j\in S}c_{j}:f(S)=f(N)\}$.
$S\subseteq N$ , $f_{S}(X)=f(X\cup S)-f(S)$ , $2^{N-S}$ $fs$ , $f$
$N-S$ . $f_{S}(j)$ $f_{S}(\{j\})$ .
SSC , $f(\emptyset)=0$ , $H( \max_{j\in N}f(\{j\}))$
$($ , $H(k)= \sum_{i=1}^{k}\frac{1}{i})$ [12],
.
3.2. Approximately Greedy algorithm AGreedy for $SSC$:
1. Set $t=1,$ $S^{0}=\emptyset$ .
2. While $S^{tarrow 1}$ is not a solution of SSC $(i.e., f(S^{t-1})<f(N))$ do
3. $/*$ Let $\theta^{t}=\min_{j\in N-S^{t-1}}\{\frac{c_{j}}{f_{S^{t}}-1(j)}\}$ and $j_{t}= \arg\min_{j\in N-S^{t-1}}\{\frac{c_{j}}{f_{S^{t-1}}0)}\}$ . $*/$
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4. Find $\tilde{j}_{t}\in N-S^{t-1}$ s.t. $\frac{c_{\vec{j}_{t}}}{f_{S^{t- 1}}(\overline{j}_{\ell})}=\tilde{\theta}^{t}\leq r\cdot\theta^{t}$ .
5. Set $S^{t}=S^{t-1}\cup\{\tilde{j}_{t}\}$ and $t=t+1$ .
6. Set $T=t-1$ and output $S^{T}$ .
AGreedy , , $S^{t-1}$ SSC
. , $t$ ,
, $\frac{c_{j}}{f_{s_{\sim}^{t-1}}(j)}$ $j_{t}$ , AGreedy , $\theta^{t}$
$r$ .
33. $SSC$ AGreedy , $f(\emptyset)=0$ , $r \cdot H(\max j\in Nf(\{j\}))$
.






















$y_{S^{t}}\geq 0$ $t=0,1,$ $\cdots,$ $T-1$
$f$ , $f_{S^{t-1}}(j)\geq f_{S^{t}}(j),$ $(\forall t\in\{0,1, \cdots, T-1\},j\in N-S^{t})$ .
, $\tilde{j}_{t}\neq j_{t}$ , $0<\theta^{1}\leq\theta^{2}\leq\cdots\leq\theta^{T}$ . , $j\in N$ ,




(see Proposition 3[12]) , $\theta^{t}\leq\frac{c}{f_{S^{t-}}}\dot{2}1(j\overline{)}’ t=0,1,$ $\cdots,$ $k-1$ , , $f_{S^{0}}(j)\leq$
$\max_{i\in N}f_{S^{0}}(i)$ ,
$\theta^{1}f_{S^{0}}(j)+(\theta^{2}-\theta^{1})f_{S^{1}}(j)+\cdots+(\theta^{k}-\theta^{k-1})f_{S^{k-1}}(j)\leq c_{j}H(\max f_{S^{0}}(i))i\in N^{\cdot}$
, $yso= \theta^{1}/H(\max_{i\in N}f_{S^{0}}(i)),$ $y_{S^{t}}=( \theta^{t+1}-\theta^{t})/H(\max_{i\in N}f_{S^{0}}(i)),$ $t=1,2,$ $\cdots,$ $T-$
$1$ , , $y$ .
, AGreedy $\tilde{j}_{t}$ , $c_{\overline{j}_{t}}=\tilde{\theta}^{t}f_{S^{\ell-1}}(j_{t})=\tilde{\theta}^{t}(f(S^{t})-f(S^{t-1}))$




$=$ $rH(m$ $f(j))[f_{S^{0}}(N-S^{0}) \theta^{1}/H(\max f(j))j$
$+ \sum_{t=2}^{T}f_{S^{t-1}}(N-S^{t-1})(\theta^{t}-\theta^{t-1})/H(j\max f(j))]$
, $y$ ,
$c(S^{T}) \leq rH(\max f(j))\cdot z_{LP}\leq rH(\max f(j))\cdot z_{IP}jj$
.
4 Approximately Greedy RPDTC
SSC , PSC ([4] ), AGreedy PSC
, 33 . , RPDTC $(G, c, u, k)$ PSC
PSC$(G, c, u, k)$ , AGreedy AGreedy$(G, c, u, k)$ .
, $G(u)=(V(u)= \{u\}\cup\bigcup_{j=i+1}^{t}L_{j}’, E(u)=\bigcup_{j=i+1}^{t}E_{j}’)$ . PSC AGreedy
, , , PSC$(G, c, u, k)$ , $E_{i+1}’$
1 u-tree . , $T$ ,
$c(T)/ \min\{|\delta(V(T))|, k\}$ .
$T$ , $\{u\}$ , $E_{i+1}’$ 1 , $(u, v)$
, $T$ $(u, v)$ v-tree $T_{v}$ $(u, v)$-tree ,
$\frac{c(T)}{\min\{|\delta(V(T))|,k\}}=\frac{c((u,v))+c(T_{v})}{\min\{(|\delta(u)|-1)+|\delta(V(T_{v}))|,k\}}$
. v-tree $T_{v}$ , $|\delta(V(G(v)))|$ ,
$l=0,1,$ $\cdots,$ $\min\{|\delta(V(G(v)))|,$ $k\}$ , $l$ v-tree
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, $c(T)/ \min\{|\delta(V(T))|, k\}$ $(u, v)$-tree $T^{*}$ .
, $l$ v-tree , $(G, c, v, l)$
RPDTC . , RPDTC PSC ,
PSC$(G, c, v, l)$ ( ) AGreedy , $l$ } $l$ v-tree
, $c(T)/ \min\{|\delta(V(T))|, k\}$ $(u, v)$-tree $\tilde{T}$ .
, AGreedy 4:
Find $\tilde{j}_{t}\in N-S^{t-1}$ s.t. $\overline{f_{S^{t-1}}}(\overline{j_{l})}\lrcorner\llcorner carrow=\tilde{\theta}^{t}\leq r\cdot\theta^{t}$ .
, .
4.1. Apprv timately Greedy Choice used in AGreedy for $PSC(G, c,u, k)$
, $G(u)=(V(u)= \{u\}\cup\bigcup_{j=i+1}^{t}L_{j}’, E(u)=\bigcup_{j=i+1}^{t}E_{j}’)$ .
1. if $|\delta(u)|\geq k$ then retum $\tilde{T}=\{u\}$ else $\tilde{\theta}=\infty$ .
2. for $(u, v)\in E_{i+1}’$ do
3 for $l=|\delta(v)|$ to $k-(|\delta(u)|-1)$ do
4. call AGreedy$(G, c, v, l)$ and let $\overline{T}$ be the output
5 Set $\overline{\theta}=(c((u, v))+c(\overline{T}))/((|\delta(u)|-1)+|\delta(V(\overline{T}))|)$ .
6. if $\tilde{\theta}>\overline{\theta}$ then set $\tilde{\theta}=\overline{\theta}$ and $\tilde{T}=\overline{T}$ .
7. retum $\tilde{T}_{v}$
, 4. , PSC$(G, c, v, k)$ AGreedy $r$
,
$\frac{c(\tilde{T})}{\min\{|\delta(V(\tilde{T}))|,k\}}\leq r\cdot\frac{c(T^{*})}{\min\{|\delta(V(T^{*}))|,k\}}$
, 33 , PSC$(G, c, u, k)$ $rH(m)$ .
5
$(G, c, u, k)$ $u$ $L_{i}$ RPDTC $(t-i)$-RPDTC, PSC
$(t-i)$-PSC . , $(j+1)$-PSC AGreedy , j-RPDTC
$r$ , $rH(m)=O(r\log n)$ .
, I-RPDTC$(G, c, u, k)$ . , $G(u)=(V(u), E(u))$ , $V(u)=$
$\{u\}\cup L_{t}’,$ $E(u)=\delta^{+}(u)\subseteq Et$ . , $|E(u)|=s$ $L_{t}’=\{v_{1}, v_{2}, \cdots, v_{s}\},$ $E(u)=$
$\{e_{1}=(u, v_{1}), e_{2}=(u, v_{2}), \cdots, e_{\delta}=(u, v_{\theta})\}$ . $A[1\ldots s, 0\ldots(|\delta(L_{t}’)|-s)]$ ,
$A[i,j]=\{e_{1}, e_{2}\cdots, e_{i}\}$ , $\delta(L_{t}’)-E(u)$ $j$
. $A[i, 0]=0(\forall i),$ $A[1,j]=c(e_{1})$ $($ for $1\leq j\leq|\delta(v_{1})-1)$ ,




I-RPDTC$(G, c, u, k)$ , , $|\delta(u)|$ $k$ , $|\delta(u)|\geq k$ , $\{u\}$
. $($ $|\delta(u)|<k),$ $A[s, k-|\delta(u)|]$
. , I-RPDTC ,
$r=1$ .
RPDTC$(G, c, u, k)$ , $u\in L_{i}$ , $i=t-1$ ,
$i\leq t-2$ AGreedy , $O(\log^{t-i-1}n)$ . ,
51. $t$ $DTC$ , $O(\log^{t-1}n)$ .
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